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Density  distribution  analysis  is  a  convenient  objective  means  of  charac- 
terizing different cell populations (1-5, 28). With most populations a prominent 
feature of this technique is a reproducible heterogeneity of components which is 
apparently not an artifact (3, 5). Attempts to understand this heterogeneity in 
terms of functional differences have been only partially successful; preliminary 
results  have  indicated  that  differences  in  density  of  19S  hemolysin-forming 
ceils reflect differences in physiological and metabolic properties (1, 5). 
Accordingly,  it  became  of  some  interest  to  carry  out  density  distribution 
analysis on the precursor cells of the 19S hemolytic antibody-forming cell (AS1 
cell).  It was hoped that,  aside from possible metabolic  and physiological dif 
ferences, it might be possible to detect AS cells differing in immunological func 
tion.  Preliminary accounts of this work have been published elsewhere  (2,  4)- 
Materials and Methods 
Animals.--Male Lewis rats (9-12 wk) bred in the Hall Institute were used as cell donors in 
all experiments except those involving newborn or very young animals, in which case rats of 
both sexes were employed. Male and female Lewis rats (5--9  wk) were used as irradiated  re- 
cipients. 
Irradiation of Animals.--Rats were irradiated, six at a time, in a Perspex box (18 X  17.5 X 
10 cm.),  external  dimensions, designed to give no more than 2% variation  from animal to 
animal under conditions of maximum backscatter. A Phillips 250 kv X-ray unit was used em- 
ploying a 0.2 mm Cu filtration (half value layer [HVL] ~  0.8 mm Cu). The dose of 800-850 
fads was given in two units from opposite sides of the box. 
Sources of Cells.-- 
(a) Spleen: Suspensions of single cells were obtained by teasing freshly excised spleens in 
balanced salt solution (BSS) containing 10% fetal calf serum (6). This procedure was carried 
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out with needles or forceps on a wire mesh screen. Clumps were allowed to settle out before 
the suspension was centrifuged to recover the cells. 
(b)  Thoravic dua lymph:  Rats were cannulated according to the method of Bollman  (7) 
Draining animals were exercised on a wheel and supplied with glucose-Ringer solution as well 
as the usual Barastac cubes. Lymph was collected into 10% fetal calf serum-BBS solution at 
4°C. 
Antigen St~mulation.--Sheep and horse erythrocytes obtained from animals maintained at 
the Institute were stored in Alsever's solution for 1 wk  before being washed four times in 
I000. 
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FIG. 1.  Dose response curve for normal adult spleen cells injected into recipients given 825 
rads. Recipients were challenged with 109  SRBC, along with the spleen cells.  The limits de- 
scribed are the standard errors. Each point represents mean values determined from 10 or 
more recipients. The dashed line extrapolates to the serum titer produced by the same dose of 
antigen in an unirradiated animal. 
saline. The polymerized protein flagellin from Salmonella adelaide (POL) was a gift from Prof. 
G. Ada. 
Mitotic Inkibition.--Vinblastine  (Velbe, Eli Lilly & Co., Indianapolis, Ind.) was dissolved 
in sterile saline immediately before being administered intraperitoneally. 
Assay of Hemolysin Response.--Hemolytic  antibody forming cells were detected by the 
method of Cunningham and Szenberg. This assay would detect primarily 19S antibody (8). 
Serum hemolysin levels were measured by serial two-fold dilution of heat-inactivated serum. 
For convenience, serum titrations were the routine method of analysis. In each new experi- 
mental design, both assays were carried out initially to make sure that there was a correlation 
between the two measures of immunocompetence. 
DNP Rat Erythrocytes.--A  suspension of intact rat erythrocyte cells and membranes was 
prepared according to the method of Levine (14). j.  sr£Pm~N HASK~L  879 
RESULTS 
To determine the relative number of immunocompetent cells in each density 
fraction, the hemolysin response of normal adult spleen ceils 6 days after in- 
travenous injection of cells and antigen was measured (Fig.  1). The dose re- 
sponse curve thus obtained is basically similar to those curves found for mice, 
using either serum antibody levels or antibody-forming cells as an assay (9-11). 
A value for the equivalent number of unfractionated normal adult spleen cells 
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Fro. 2. Density distribution profiles  of total spleen cells and AS cells as assayed by spleen 
plaque-forming  cells (PFC) and serum hemolysin  levels. The lower  diagram describes  a repeat 
of this experiment ¢azried out with different donors. Peak values have been normalized to 
100%. 
present in a particular density fraction is obtained from the mean hemolysin 
titer obtained after injection of that fraction and from the dose-response curve 
of Fig.  1. The density distribution profile for AS cells is calculated from this 
number. 
Density distribution profiles of the total nucleated cells and  the AS  cells 
present in the spleens of a pool of three adult a nlmal.~ is shown in Fig. 2. Regard- 
less of the assay used to determine immunocompetence, the AS cell profile is 
found to be both complex (at least six peaks) and different from the total spleen 
cell profile. Better separation of peaks can be obtained with more points and 880  DENSITY  DISTRIBUTION  ANALYSIS 
narrow range gradients, but these are not routinely possible. This complexity 
has previously been shown to be present even when single donor animals are 
used (4). Of more importance is the fact that the density profile of the AS cell is 
reasonably reproducible when the experiment is carried out with different donors 
on a different day (Fig. 2 bottom). The only gross discrepancy is the importance 
of the component at about density  1.074.  In both of the experiments shown 
here, the recovery of activity was between 80 and 100%. 
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FIG. 3.  Density distribution profiles of AS cells in the thoracic duct lymph and in the 
spleens of animals drained for 40 hr. compared with the control spleen profile. The bottom 
profile describes the AS cells surviving 22 In" treatment of the donor ~n;mals with vinblastine 
(12 mg/kg). Only the thoracic duct profile has been arbitrarily normalized at 100%. 
Using density distribution analysis it is possible to show differences between 
the  circulating  and  spleen  19S  antibody-forming cell profiles in  the  rat  (5). 
Because of this and because of the interest in the thoracic duct lymph as a 
source of immunocompetent cells, density distribution profiles were obtained 
for thoracic duct AS cells derived from a pool of three donor animals (Fig. 3). 
The results dearly indicate that there is a restriction on the types of AS cells 
which can circulate. The profile does not appear to be altered by the length of 
the collection time, as the results obtained for cells collected for the first 24 hr 
are the same as those with cells collected from the 8th to the 12th hour. J.  STEPHEN  HASKILL  881 
The main peak of activity coincides in density with a major component in the 
spleen. Therefore, it is highly probable that this is, in fact, the same ceil. In an 
attempt to drain the spleen of any circulating cells,  animals were cannulated 
and drained for 40 hr, and the spleens were then removed and used as donors for 
a spleen AS cell profile. The results shown in Fig. 3 are in agreement with the 
idea that the spleen AS cells at density 1.070-1.073 are capable of circulating, 
for there was a complete loss of activity in this density region. This corresponds 
to the region of AS cells in the thoracic duct lymph. Sham-calmulated animals, 
although showing some overall loss of activity, did not show a specific loss in the 
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FIG. 4. The effect of increasing doses of vinblastine on the 22 hr survival of AS cells in the 
spleens of normal animals. 50 X  106 cells were injected into each recipient and the resulting 
6-day titer used to calculate the equivalent number of normal spleen cells per spleen. At least 
five animals were assayed at each point. The points represent the combined results of two 
experiments. 
thoracic duct region. The results imply that the 1.0705  peak (peak E) in the 
spleen can be designated as a thoracic duct or circulating type of AS cell. 
Investigation of the effects of mitotic inhibition on the density distribution 
profiles of the 19S hemolysin-forming cell suggests that certain regions of the 
gradient can be ascribed to dividing antibody cells and other regions to cells 
which apparently are the product of dividing cells (5). The influence of mitotic 
inhibition on normal donor animals was investigated to determine ff there was a 
turnover of AS ceils in the absence of deliberate antigen stimulation.  Fig.  4 
shows the survival of AS cells in the spleen 22 hr after administration of graded 
doses of the drug. The results indicate that there is a fall in the total immune 
potential of the spleen when a mitotic inhibitor is present for 22 hr. in the ab- 
sence of antigen. The vagarious action of vinblastine makes it uncertain that all 882  DENSITY  DISTRIBUTION  ANAI.YSIS 
of the killing is due to mitotic inhibition and not to undefined poisoning effects. 
The argument against these side effects  would be strengthened if it could be 
shown that specific populations of AS cells were killed by the drug. The density 
distribution profile of AS ceils in the spleen of rats given the maximum dose of 
12 mg/kg for 22 hr is shown at the bottom of Fig. 3. The results indicate that the 
only activity  remaining  in  the  spleen  is  associated  with  cells  in  the density 
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FIG. 5. Density distribution profiles of spleen AS cells after 10 hr stimulation with  109 
SRBC in the presence or absence of vinblastine. Profiles have been normalized on a per spleen 
basis. The bottom profile reflects the change in density of spleen cells (density 1.070-1.073) 
24 hr. after stimulation with SRBC in irradiated recipients. The spleen cells in the density 
range marked were obtained from a preliminary  fractionation  of normal spleen cells. The peak 
value was arbitrarily set at 100%. 
region 1.065-1.071  (peaks D, E)  which includes the major thoracic-duct type 
AS cell. There is complete loss of activity in the regions of light density and the 
densest regions of the gradient (peaks A, B,  C, F),  so it seems fair to ascribe 
these regions to cycling AS cells or AS cells which are being produced by cycling 
ceils and the 1.065-1.071 region to resting AS cells. For some unknown reason, 
possibly an increased fragility of cells in the stressed  animal,  the recovery of 
activity was never as good with the vinblastine-treated spleen (40-50 %) as with 
the  normal  spleen  (80-100%).  The  density  distribution profiles  were  repro- 
ducible as far as location of active components, however. I. s~rm~  HASX.U.L  883 
The influence of antigen stimulation was investigated to determine if the AS 
cell profiles could be influenced by alterations of the immunological status of the 
donor  (2).  Normal  adult  donors  were  injected  with  109  sheep  erythrocytes 
(SRBC)  l0 hr prior to sacrifice. The spleen AS cell profiles from these animals 
showed  a  marked  alteration  from normal  (Fig.  5).  Within  10 hr  of  antigen 
stimulation, virtually all of the activity was found in the light density region of 
the gradient (peaks A, B, C). 
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FIo. 6.  Density distribution profile of AS cells to SRBC in normal donors compared to AS 
cell profile for HRBC in normal animals and the AS cell profile for SRBC in 19-day old donors. 
Peak values have been normalized to 100%. 
Because most  of  the  activity  came from  cells in  the  vinblastine-sensitive 
region of the gradient,  the effect of stimulation  in the presence of the mitotic 
inhibitor was investigated (Fig. 5). The major peak of activity of 1.062 is almost 
obliterated  when  stimulation  is  carried  out  in  the  presence  of  vinblastine, 
whereas  the  component  at  1.060 has  little,  if  any,  loss of activity.  Antigen 
stimulation  therefore produces a rapid increase in the number of dividing AS 
cells as well as in light density nondivlding AS cells. 
These experiments do not indicate whether dense ceils are being stimulated to 884  DENSITY  DISTRIBUTION  ANALYSIS 
become less dense cells, or whether there is an increase in the absolute numbers 
of AS cells in the 1.060-1.063 density region with concomitant loss in the other 
density regions. To determine which of these possibilities takes place, a double 
transfer experiment was carried out. In order to obtain a pool of AS cells from 
1.070-1.073 density region, a preliminary fractionation was done using normal 
spleen cells. These dense cells, along with antigen, were transferred to a pool of 
5 lethally irradiated recipients which were used as secondary spleen donors 24 
hr later. As the seeding efficiency of spleen AS cells may be as low as 4-16 % 
(12, 13), recovery of activity was low, and only a few broad fractions could be 
collected in order to give measurable responses on transfer. The results shown at 
the bottom of Fig. 5 indicate that dense AS cells can give rise to less dense AS 
cells in the presence of antigen. 
TABLE I 
Comparison of Stimulated and Nonstimulated  Thoracic Duct Lympkocytes (12 X  lOa/recipient) 
Nonstlmulated  Stimulated 
Sheep  Horse  Horse 
5a/'~ D Titre  4.7  4-  1.0  2.0  4-  0.5  6.0  -4- 0.5 
PFC/Spleen  --  220  1290 
Comparison of the immune response derived from transfer of normal thoracic duct cells 
and thoracic duct cells derived from animals primed with 10  9 HRBC 14 days prior to cannu- 
lation. The limits indicated are the standard errors in the titration  assay. The antibody- 
forming cell assays were done on pooled spleens. 
Antigen stimulation was found to have a pronounced effect on the AS cell 
profile, therefore it seems possible that part of the remaining complexity in the 
AS cell profile is a result of the high natural responsiveness of the Lewis rat to 
SRBC. For an unknown reason, these animals have a background for SRBC of 
approximately 3000 antibody-forming cells per spleen compared with a back- 
ground for horse erythrocytes (HRBC)  of 50-150 antibody-forming cells per 
spleen. Three donor animals were chosen for low levels of background (50 PFC/ 
spleen) and the AS cell profile to HRBC determined. The results, shown in Fig. 
6, demonstrate that much of the heterogeneity  in the density distribution profile 
is absent in a low background system. It should be noted that the thoracic duct 
type cells (peaks E, F) are much less important in the HRBC system than in the 
SRBC system. Thus it is suggested that the thoracic duct type of AS cells arise 
as the result of base level stimulation with cross-reacting antigens. In order to 
test this possibility, the response of thoracic duct cells from normal donors, and 
from animals primed 2 wk previously with HRBC, was determined. The results 
shown in Table I  ifldicate that in normal animals the response of thoracic duct 
cells to HRBC is less than that to SRBC. In a primed donor the response of the ~'.  s~Pmm  ]~s1~mLL  885 
thoracic duct cells to HRBC is elevated to the same level as that for SRBC in 
the normal animal. 
If some of the AS cell components to SRBC appear during development to the 
mature animal, it should be possible to obtain a simple AS cell profile for SRBC, 
using very young animals as donors. A time course of appearance of AS cells and 
background antibody-forming cells was obtained to determine the earliest time 
point at which competence could be detected in the spleens of young animals. 
To increase sensitivity, 7-day fiters were taken. The data in Fig. 7 shows that 
there is little, if any, competence to induce an immune response in the adoptive 
transfer system up to 14 days of age. Mter this time there is a rapid increase in 
the appearance of competence. If the numbers of background antibody-forming 
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FIO. 7. Development of immune competence  (x--x) and background  PFC (0--0) to SRBC 
compared with the development of background PFC to HRBC ([~-[]). Each point repre- 
sents an average of at least two separate experiments  with six or more animals per point. 
cells for sheep and horse RBC per 50 X  106 spleen cells are obtained on the same 
sets of donor spleens, there is a continual increase in the number of those cells 
to the SRBC antigens with age, but a leveling off in the number for the HRBC 
antigens. The data for the AS cell and the antibody-forming cell assays suggest 
that between the 2nd and 3rd wk of life is the optimal period for determining the 
"low background" SRBC AS cell profile. 
The specific activity of AS cells being lower at  19 days than in the adult 
animal, it was necessary to use many more donor animals. The spleens from 
19-day old male and female rats of 2 separate litters (20 donors) were used for 
separation purposes. Because this number of spleens represents a loading on the 
gradient of approximately 2.0 X  l0  ° spleen cells compared with 8 X  1@ in the 
normal adult gradient,  a  considerable amount of aggregation resulted during 
the fractionation procedure. The resulting profiles were somewhat broader than 
usual  and the density of similar components decreased approximately 0.0010 • 886  DENSITY  DISTRIBUTION  ANALYSIS 
Units.  The basis for this density shift has been discussed elsewhere (3).  The 
magnitude of this figure was obtained by comparing the AS cell profiles of nor- 
mal adult spleen carried out under normal conditions and under conditions of 
overloading. 
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FIG.  8.  Density distribution profiles for spleen AS cells to SRBC in normal animals and 
animals stimulated with POL for 10 hr. The middle diagram describes the effect of isologous 
RBC, RBC coated with DNP groups and POL on the 1.068-1.069 density peak. The bottom 
diagram describes the effect on the 1.068-1.069 peak to HRBC of stimulating animals, tolerant 
to SRBC, with SRBC. This is compared with the effect when normal animals were stimulated 
with SRBC. Areas have been normalized on a per spleen basis. Donors were challenged with 
10  s RBC's or 25/~g of POL. 
An AS cell profile to SRBC in the 19-day old animals shown at the bottom of 
Fig. 6 has been adjusted for this shift in density. The results show that the 
young animal has a simpler profile than the adult animal. The profile from the 
young animal is also quite similar to that in the low background HRBC system 
with  the  exception  of  the  higher  proportion  of  cells  in  the  light  density 
"vinblastine-sensitive" region (1.059-1.064,  peaks A, B).  In cases where the 
HRBC profile was determined on a pool of donors which had at least 150 back- 
ground antibody-forming cells per spleen, there was a marked increase in the 
proportion of vinblastine-sensitive AS ceils. In none of the profiles obtained on J.  STEPHEN  HASKILL  887 
young donors was there evidence of any activity in the region of circulating 
cells. 
When the effects of short-term antigen stimulation were described (Fig. 5) 
there was no discussion of the specificity of this process. The following set of 
experiments was carried out in order to investigate the possibility that some of 
the effect might be nonspecific. The normal SRBC AS cell profile was deter- 
mined after 10 hr stimulation with the non-cross-reacting antigens of polym- 
erized  flagellin  of  SallmoneUa adelaide (POL).  The results of one such  ex- 
periment are shown in Fig. 8. Although all components did not shift in density, 
as with SRBC stimulation, one region did appear to respond to a nonspecific 
stimulus. This was the 1.068-1.069  region, characterized as the major peak in 
the HRBC and 191) SRBC profiles (peak D). There was noloss in the thoracic 
duct type AS cell region (1.070-1.071,  peak E). 
As preparations of POL frequently contain endotoxins, it was  considered 
possible that the shift of the 1.068-1.069  cells, with a different antigen, could 
have been the result of an adjuvant effect. A series of control experiments were 
carried out to analyze the immunocompetence of the cells in this density region 
after stimulation of donor animals with a variety of antigens. In these exper- 
iments isologous rat erythrocytes, POL, or isologous rat erythrocytes coated 
with dinitrophenyl (DNP)  groups  (14)  were used  as antigenic stimuli. The 
results described in Fig. 8 indicate that a foreign antigen is needed to induce the 
loss in activity from the 1.068-1.069  density region. 
As a further evidence of this, rats were injected thrice weekly from birth with 
SRBC in an attempt to produce animals which would fail to recognize SRBC as 
foreign (15). When these tolerant adult animals were challenged with SRBC for 
10 hr, there was no loss in activity of the 1.068-1.069  AS cell to HRBC (bottom 
of Fig. 8). This is in contrast to that which occurred on admlni.~tration of SRBC 
in the normal animal. The results, when taken together, strongly argue for the 
presence of at least two distinct types of cells which respond to SRBC. Both are 
sensitive to the specific antigen, but only one of them is sensitive to other foreign 
antigens. 
Attempts were made to determine whether a single cell or a combination of 
two or more cells were needed for an immune response. These experiments took 
two forms. Firstly, individual fractions were mixed with other fractions and the 
resultant immune responses were compared with those obtained from the sum of 
the  individual responses.  In  the  other  experiments,  either  bone marrow  or 
thymus cells were mixed with each fraction tested for immunocompetence. In no 
case was there a significant increase in the response of any one fraction from the 
addition of any other fraction or of bone marrow or thymus. 
DISCUSSION 
In order to study the properties of biologically active cells, it is necessary to 
have a convenient assay for biological activity as well as a means of identifying 888  DENSITY  DISTRIBUTION  ANALYSIS 
the cell. Morphological investigations of the AS cell population are impossible as 
yet, as probably no more than one cell in 10  s is an immunologically active cell 
(12,  13, 16). Purification procedures must be employed, therefore, to obtain a 
more or less pure population of the cells of interest, or else an objective means of 
characterizing cells must be used. Such a technique has recently been described 
by Shortman (1, 3). In this report we utilize the technique of equilibrium density 
gradient separation in density gradients of bovine serum albumin. Density and 
immunological function have been used as dual markers for an analysis of the 
properties of the AS cell populations in the rat which can react to sheep and 
horse erythrocytes. 
At the initiation of this work it was generally conceded that a single immuno- 
competent cell, designated as being the "antigen-sensitive" or "antigen-reactive 
cell", was responsible for the immune response in the adoptive immunity assay 
(12, 13, 16). Since that time there has occurred in the literature, evidence that in 
some strains of mice and with some antigens there can exist a synergistic effect 
of two different cell populations (17, 18). In a two cell system, then, fractiona- 
tion of a  mixed population of cells into a  large number of different fractions 
could lead to fractions which had lost one or both of the two cells needed for the 
immune response.  Clearly, such a  situation would lead to confusing results, 
unless one of the two cells was present in such large numbers, compared to the 
other, that no one fraction would be devoid of the major population. In such a 
situation, it would be expected that the analysis would detect the cell which was 
always present in limiting numbers.  In the course of analyzing the AS  cell 
populations to the erythrocyte antigens in the rat, attempts were made to detect 
the presence of a synergistic phenomenon. Because of the failure of these at- 
tempts and the fact that the recovery of immunological activity from the frac- 
tionation experiments was usually 80-100 %, it seems logical to us that either 
the adoptive immune response in the Lewis rat depends only upon one cell in the 
donor inoculum, or these experiments analyze the properties of the cell which 
are the limiting ones for two populations present. 
The most striking thing about the AS cell profiles to sheep erythrocytes in the 
adult animal, is the great heterogenity of components. The results described in 
the text dearly show that this heterogenity is a reproducible and meaningful 
phenomenon. Each of the peaks appearing in these profiles has not been defined, 
but there is now sufficient evidence to suggest that most of them have distinct 
properties. 
If one assumes that the differences in the profiles to the horse erythrocyte 
antigen and to the sheep erythrocyte antigen are the result of background or 
base level stimulation with cross-reacting antigens of the intestinal flora, then it 
becomes clear that a number of the peaks arise as a result of this stimulation 
(Fig. 6). These particular peaks, then, will be considered to have experienced an 
antigenic stimulation (peaks A, B, E, F). 
Accepting that a  certain amount of stimulation has occurred in the normal j.  SZ~Far~N B.ASKrr.I.  889 
animal, it comes as no surprise that the spleen AS cell population should turn 
over,  as  evidenced by the vinblastine sensitivity in  the  nonprimed  animal. 
Although these results are somewhat in opposition to those of Syeklocha et al. 
(19), the apparent lack of cycling AS cells in their experiments might be a result 
of a much lower background for sheep red blood cells found in their animals. 
Density distribution analysis of the vinblastine resistant AS cells indicated a 
selective survival of two of the competent cell populations. On this basis, the 
immunocompetent cells in peaks D  and E  (Fig. 2) can be designated as resting 
cells. Likewise the cells in A, B, C, and F are either dividing or being produced 
as result of the division of some other cell within the 22 hr period of drug treat- 
ment. There is insufficient data as yet to decide between these alternatives; 
however, the evidence suggests that peak B, which shows such rapid killing in 
the presence of antigen and vinblastine represents dividing AS cells. 
The circulating pool of the thoracic duct lymph offers a  rich source of im- 
munocompetent ceils (16, 20). Comparison of the density distribution profiles of 
spleen and thoracic duct AS cells indicate clear differences between them: that 
is, a restriction of the population of AS cells which can circulate. 
In the studies carried out on the antibody-forming cell systems, it was ob- 
served that there were peaks of activity present at the same density positions in 
spleen as in the thoracic duct lymph (5). It was tempting to speculate that these 
two peaks represented the same cell in two different physiological states. The 
present study attempts to prove that an AS cell population in the spleen with 
the same buoyant density as one in the thoracic duct lymph can be the same 
cell. The test system is far from ideal because of the stress placed on the draining 
animal. However, sham-cannulated animals failed to have a selective loss of ac- 
tivity in the dense region of the spleen, compared with the drained animals. It 
seems feasible to conclude that within the spleen there are at least two popu- 
lations of AS ceils (peaks E, F) which have either the ability to circulate on 
demand, i.e., on drainage, or else are in a continual process of recirculation in the 
animal with a given fixed residence time in the spleen. It is also of some interest 
to speculate on the role of the circulating AS cell pool. Some investigators have 
suggested a surveillance mechanism for these cells (21, 22). It is not clear, how- 
ever, if this surveillance is one for the "primary response" to a foreign antigen 
or if it is designed for the more rapid response on "secondary" stimulation. The 
low background horse erythrocyte system has a  depressed competence in the 
thoracic duct type AS cell region, compared with the adult sheep erythrocyte 
system. It seems possible, therefore, that the circulating type ceils materialize as 
a result of antigenic stimulation. This point is further amplified by the fact that 
the thoracic duct type AS ceils are virtually absent in the 19-day old animal, 
and by the fact that the responsiveness of the adult horse erythrocyte thoracic 
duct population could be significantly increased by prior antigenic stimulation. 
This result was not unexpected in view of the observation of McGregor and 890  DENSITY  DISTRIBUTION  ANALYSIS 
Gowans (23) that prior antigenic stimulation resulted in a class of thoracic duct 
AS cell which had properties distinguishable from those in a  normal unstim- 
ulated animal. 
Within hours of stimulation of rat thoracic duct lymphocytes in an xenogeneic 
recipient, blast transformation of the rat cells takes place, followed shortly after 
by an increase in the DNA synthesis and cell division (20). Similarly lympho- 
cytes can be induced into blast transformation when stimulated in vitro with 
phytohemagg:utinin (24). With  this background as a  working hypothesis, it 
seems quite possible that a similar phenomenon could take place with the AS 
cell population in the spleen after stimulation with sheep erythrocytes. The 
results reported here and elsewhere (2) indicate that an effect can be detected 
within 10 hr of stimulation, and, in fact, within 5 hr (unpublished observations). 
In the present paper we have shown that this change in the profile of competent 
cells is, at least in part, a result of a decrease in density of more dense cells into a 
state of cell division. Data to be published elsewhere carries this finding a step 
further by showing that this decrease in density is accomplished by an increase 
in size.  ~ 
After the initial observation that antigenic stimulation could lead to a rapid 
change in the density of the immunocompetent cells, Raidt et al. reported that 
this phenomenon was antigen-specific in nature (25). Present studies indicate 
that the story may not be as simple as this. Antigens which apparently do not 
cross-react with sheep erythrocytes have the ability to cause a subtle alteration 
in the density distribution profile for sheep erythrocyte AS cells.  Three major 
differences in experimental design, however, could account for the discrepancy 
between our results.  (a)  Because of our use of continuous density gradients, 
resolution of similar density components would be expected to be better.  (b) 
Whereas our experiments were assayed in vivo, those of Raidt et al. were carried 
out in vitro. (c) There is a species difference in rats versus mice. If one compares 
the ability of various density fractions of mouse spleen to give lmmllno1ogical 
response in vivo and in vitro it can be shown that not all peaks active in vivo 
respond in vitro? In particular, the peak D  fails to respond in vitro. It seems 
possible that the differences between the present report and that of Raidt et al. 
could be explained simply on the basis of the assay used. 
The effect of various  control antigens  on  the  sheep  erythrocyte antigen- 
sensitive profile, combined with the results obtained from tolerant donor an- 
imals provides clear-cut evidence that there is an effect induced on a particular 
class of the sheep erythrocyte and horse erythrocyte AS cell populations by a 
non-cross-reacting antigenic stimulus  (peak D).  What is not clear from this 
work is whether or not this represents a true effect of "antigenic competition" or 
an alteration in the homeostasis of the AS cell induced as a result of any non- 
2  Shortman, K. D., and J. S. Haskill. Manuscript in preparation. 
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specific  antigenic stimulation. The  evidence in  the literature  provides  little 
proof for antigenic competition at the cellular level (26). One explanation for the 
phenomenon is that a  nonspecific stimulating factor is released after antigen 
stimulation and this stimulates proliferation by only certain AS cells. A more 
plausible suggestion comes from the intriguing observation that the thoracic 
duct type cell (peak E), which it has been argued has been exposed to the sheep 
erythrocyte antigens, does not respond to the nonspecific stimulus. Ada (27) 
has recently shown an association of ~mmunocompetence with the ability to 
bind antigen on the surface of the cell. It could be, therefore, that the thoracic 
duct type antigen sensitive cell recognizes antigen directly, whereas the 1.068- 
1.069 cell is triggered into response by a more indirect mechanism. 
The results reported in the present paper suggest an active process of de- 
velopment of AS cells. In addition, the data provides evidence of immunological 
differences in these populations. A somewhat analogous result has been obtained 
in a  study which follows the development of the hematopoietic stem cells in 
fetal liver and adult bone marrow.* 
It is hoped that the sequence of development of these immunocompetent cells 
can be traced, thereby allowing an analysis of the steps in differentiation from 
the earliest AS cell in spleen which is sensitive to most antigenic stimuli, through 
to the thoracic duct type cells which are sensitive only to the specific stimulus. 
SUMMARy 
Analysis of the cell populations capable of initiating a response to sheep and 
horse erythrocyte antigens has been carried out by means of equilibrium density 
gradient centrifugation. The results indicate that there are at least six distin- 
guishable AS cell populations for sheep erythrocytes, but only three for horse 
erythrocytes in the spleen of the Lewis rat. Evidence is presented for the exist- 
ence  of metabolic,  physiological, and immunological differences among these 
populations. It is suggested that at least one population of AS cells responds 
only to the specific antigen and at least one other population is sensitive to 
stimulation by a broad range of antigens. It is assumed that the difference be- 
tween these two AS cells results from a  process of differentiation of AS cells 
primed into DNA synthesis by antigen stimulation. 
The author is deeply indebted to Miss Heather Jackson for her industry and patience, 
without which  most of this work would  not have been possible. I also wish to acknowledge  the 
enthusiastic support of Dr. Ken Shortman and Prof. G. J. V. Nossal as well as the technical 
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